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20.  ABSTRACT  (Continued) 

Nj 

RAM  (74S301A).  This  change  was  made  because  the  TI-Houston  production  facility  was  achieving  extremely 
low  yields  on  the  54S200/300  and  had  discontinued  production.  These  changes  have  allowed  fabrication  of 
functional  devices  during  this  quarter. 
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SECTION  I 
PURPOSE 


I lu-  overall  objective  of  the  program  is  to  implement  e-beam  writing  technology  for  the 
tabrication  of  microcircuits,  The  technical  atid  economic  impact  of  electron-beam  direct  slice 
printing  will  be  demonstrated  on  23(vbit  bipolar  RAMs.  The  elimination  of  mask  masters,  masks, 
.ind  the  masking  process  will  eliminate  the  most  significant  source  of  yield  loss.  This  will  permit 
greater  circuit  design  complexity  and  tlexibility  which  will  lead  to  lower  device  costs  with  increased 
reliability.  I'lie  complete  implementation  program  is  divided  into  three  tasks.  Task  A,  \'ield 
Improvement  Through  Direct  H-Beam  Writing,  is  directed  toward  developing  the  manufacturing 
technology  required  for  e-beam  writing  with  existing  ecpiipment  and  existing  resist  processes  and 
ilemonvtrating  the  yield  benefits  of  this  technique.  Task  B.  Cost  Reduction  for  H-Beam  Writing 
1 hrough  High  Speed  Resist  Implementation,  is  directed  toward  implementing  identified  high  speed 
e-beam  resists  m order  to  significantly  decrease  cycle  time  and  thus  reduce  the  1C  bar  cost.  Task  C. 
( I'st  Reduction  for  H-Beam  Writing  Through  Automatic  Beam  Diameter  Control  and  Automatic 
ll.indlmg.  IS  directed  toward  utili/ing  HBMllHs  capability  of  computer-controlled  beam  size  tlarge 
.md  Miiallt  on  high  density  circuit  I ^0.1  mil)  geometries.  This  program  also  includeil 
implementation  of  an  automated  handling  system  tor  slices  to  reduce  c.vcie  time  and  thus  further 
reduce  bar  cost. 
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SECTION  II 

TECHNICAL  DISCUSSION 


V.  INTRODUCTION 

A sit:iiil'icant  program  milestone  was  achieved  tliis  quarter  witli  the  lahrication  ol  tully 
lunctioiial  25o-bit  bipolar  RAMs  by  direct  e-beam  slice  writing.  These  devices  were  fabricated  using 
ll-,'l.'  positive  electron  resist  and  CqT's  plasma  etching.  All  pattern  levels  ulili/cd  positive  resist 
and  plasma  etching  with  the  exception  of  the  metal  level.  This  represents  one  of  the  first  LSI 
devices  fabricated  by  all  e-beam  and  dry  processing.  In  addition  high-speed  electron  resists 
I /acoul.  cm-  sensitivity)  were  used  at  each  level.  Electron  resists  of  this  sensitivitv  are  mandatorv' 
belore  e-beam  direct  slice  writing  can  become  economically  feasible. 

Permission  was  granted  during  this  i|uarter  to  change  the  256-bit  bipolar  R.A.M  being  fabricated 
trom  the  54S50I  to  the  54S201.  These  two  devices  differ  only  in  their  metal  patterns,  with  the 
lormer  having  an  open  collector  output  and  the  latter  having  a tri-state  output.  The  reason  for  the 
change  is  that  the  54S301  is  seldom  made  in  production  while  the  more  versatile  54S20I  is  in 
constant  production  and  has  a well  defined  yield  history.  However,  the  54S20I  built  in  standard 
production  at  Texas  Instruments  does  not  meet  the  military  operating  specifications  for  operations 
over  the  temperature  range  of  25°C  to  125°C'.  Conseciiiently  it  was  necessary  that  the  operating 
temperature  range  be  changed  to  OT’  to  70"’C'.  The  specification  change  necessary  to  cover  the 
54S20I  for  operation  over  the  reduced  temperature  range  was  granted  this  quarter. 

Because  the  CF4/O2  plasma  etch  process  developed  previously  for  the  DUI'  and  isolation  levels 
cannot  be  used  at  the  base,  emitter  or  contact  levels,  a major  emphasis  this  quarter  has  been  on 
establishing  a C4F8  pHsma  etch  process  for  etching  Si02  which  is  compatible  with  T1-.41.4  positive 
resist. 

Fabrication  of  the  first  article  devices  has  been  completed.  .All  the  reijuired  env  ironmental  and 
electrical  tests  have  been  successfully  completed  except  the  1000  hour  operating  and  storage  tests. 
Ihese  last  two  tests  are  in  progress  and  will  be  completed  early  in  July. 

B PROCESS  DEVELOPMENT 

In  this  quarter  the  first  lot  of  74S201A  256-bit  bipolar  R.AM  slices  processed  using  Tl-.Jl .J 
resist  and  plasma  etching  has  been  successfully  completed. 

The  complete  process  tlow  for  using  TI-313  resist  together  with  relevant  details  and  data  was 
presented  in  the  sixth  quarterly  report.  Despite  the  narrow  exposure  window  which  causes  problems 
with  crosslinking  in  overlapped  or  multiply  scanned  areas  such  as  alignment  marker  areas,  all  levels 
except  metal  were  patterned  with  this  TI-313  process  with  good  results.  Figure  I shows  .m 
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'0  ('  lo  eiisine  lli.il  .ill  the  de\iees  were  lnll\  oper.ilimi.il  lluu  were  tested  .il  llie  .ihove 
temper. limes  on  the  Nnmerie.d  I \ereiser  lor  Memories  (NIMl  l lie  MM  is  ,1  rnnelion.il  nienioiv 
lesiei  wiili  Innnie  iiuMsinemeiils  e.ip.ihilits  lor  perrorminp  llie  .u  me.isni enieii is  sliou  n in  I .ihle  I 
le  , l\\.  I|  \,  l|  K 1 1''-'  ‘I'''  '"’^1  msM'-memenls  shown  m I .ihle  1 were  l.ikeii  Irmn  the 

speeilie.ilion  .S(  S ■'I"’,  d.ileil  J”  . April  l'>''.''.  ili.tl  doenmeiif  i-oiil.iiiis  del.nis  o)  ihe  me.ismemeiils 
peilormeil  mi  Ihe  lISM  .nul  \l M All  mteriin  mul  rnial  eleelrie.il  test  were  made  in  .u  ei'id.mee  ol 
I ahles  II  ,nul  III  ol  Ihe  speeitie.iiion  S(  S-5  I 7. 

I I IRSl  ARIKH  (INI  IS 

.Alter  pel  rorinniu  lISM  .nul  N1  M tests  ilisenssed  in  Ihe  pie\ioiis  seelion,  15  de\iees  weie 
loniul  lo  he  qii.ililied  .is  possible  Inst  .nliele  deviees  These  vlexiees  were  Ilu  11  seieeiuul  .is  reipnred  in 
Seelion  I I ol  Ihe  speeiTie.iIion  SCS  SI".  April  _ I'l'.S.  .As  rei|imed,  Ihe  seremime  w .is  eondneleil 

III  .leei'rd.inee  with  ( l.iss  li  ol  Method  '>004  ol  Mil  SI  |)-SS.i 

In  hriel  these  rei|nnA  nienis  .iie 
I I Inlern.il  visii.il 

Sl.ihih/.il ion  h.ike.  74  hours  .il  150  (' 

.')  Tempeialnre  e\  eliiie 
4)  (enliiTni’.e 

•>1  I leniiel leiU  . Tine  .nul  ini'ss 
lO  Unin  111  lesl.  loS  luniisie  0 (' 

' 1 Tni.il  elev  lrie.il  lesl 


SI  T Alei  n.il  \ isii.il 


I'ablf  III  blei'lrical  Perl't)nnaiK'e  t’l>arai'ii*ristk-s 


LIMITS 


TEST 

SYMBOL 

CONDITIONS 

MIN.  MAX. 

UNIT 

Li>^  L<iv«i 

Oulpiil  Volt<*0« 

VcC  “ V.  Iql  “ ?0  mA.  L),„  - 4 b V 

b 

V 

Migh  L tfv«l 

Output  Voltdgtf 

''OH 

Vcc  * 5> 0„ui  - 10.3  mA 

2 b 

V 

Shoft  CWt 

Output  Cuiient 

'os 

Vcc  2t>  Y 

32  9b 

mA 

Input  Ll^ 

Curt^nl 

IlL 

Vcc  “ V,  V,n  • 0 5 V 

bio 

uA 

Input  High 

Cuif9i>t 

l|HI 

Vcc  S.bv,V,n-i4V 

2b 

mA 

Input  High 

Curmnt 

'ih: 

Vcc-J'&V  V.„-b.5V 

1 

mA 

Input  Clamp 

I^ioJa  VoJtaga 

V|C 

Ta  25“C 

1,0  “ ^8  •'lA 

\ b 

V 

Po^ar  Supply 

CuMvni 

'cc 

Vcc  * V . all  inputs  at  4.b  V 

CE  1 . CE2,  Ct3  * GNO  outputs  i>f>an 

14b 

mA 

Output  L acikctga 

'O/L 

Vcc  " ^0  • ^ ^ 

*30 

mA 

High  Impadanca  Stata 

'OZH 

Vcc  " b.2b  V,  Vq  - 2 4 V.  0,n  4 b V 

1 30 

mA 

Aikttass  Ai'oeu  Tima 

'AA 

Saa  Nota  1 and  Figuia6(b) 

TOO 

ns 

Endhia  Acrasi  Tima 

'LA 

Saa  Nota  2 and  Figura  6(cl 

4b 

ns 

Enabla  Hacovary  Tin>a 

'EH 

F iguia  6(d) 

3b 

ns 

Minimum  Wiita  Puita 

Width 

'WP 

Saa  N(>ta  3 and  Figure  6(a) 

120 

ns 

Propagation  Oalay 

low  to  High  (Efom  R W) 

'PLM 

Saa  Nota  3 and  F igura  6(f) 

1 10 

ns 

PnHMgation  Oalay 

High  to  1 4iw  IF  rom  H 'Wl 

*PHL 

Saa  Nota  3 and  F igura  6(g) 

bb 

ns 

1 lu'  inti'i ii.il  \ isii.il 

W.IS  ».‘OIU 

liK  lorl  in  Iho  .isscmhh  .iiul  p.u  k.i(!o  ,ium  1 ho  si.ihili/.ilion  1 

I'.lko  , 

tompor.iliiri'  vVilmn.  iiMilnliipi-  .iiul  Iktuk'IiiiIn  U’sIs  wi-k-  iviloiims 

il  111  till.'  1 iiMioniiu'iit.il 

I .itv'r.ilorN  ol  Itu’ 

Oii.ihiN 

.nul  Ko 

h.ihihl\  .Assui.inii'  nop.ii  Inu’nl  I ho 

lllllll  111  lost  .ll  '(•'  ( 

loi 

I ('S  hours  was  (vrli’riiK'il  in  tlio  I iiK'.ir  ,iiul  Milit.iix  I’loiliu  ts  Ht.ii\«.  h ol  (,'« A All  iiilonm  (iii.il 
I'liMru  .il  U'sis  wiTO  tii.iik'  svilli  llio  I ISM  .iiul  N1  M 


Mioi  siU’iMiinn,  till'  iiK'ition  ik'Nui's  woii'  U'sli’il  iii  \miIi  NKmIioiI  M)1)5  I'l 

MU  S 11'  SS.'  .IS  s|H‘v'irii-il  in  till’  sjuk  il  k .ilion  S('S  s I ' In  uniipli.iik  i'  wiili  ilu'  ( liDup  A iiispiklkni 
ol  ilk’M'  ilik iiiiuMils,  Ilk*  ill  .iiul  .k  ti'sis  lisiikl  in  1 .ihli-  I Ik’U’in  \MMi'  pi'i loi Ilk'll  .il  0’(  , J>'(  .iml 
■|l  ( 

In  n'lnpli.iik  i'  killi  Ilk-  (.ii'iipH  inspi'i  iii>n  nl  lln-  .iluki'  iloi  nnn'iils.  Iln-  Ii'IK'nmiii!  Ii-sis  ki-u- 

I Ikkllk  ll'il 

I ) l’ll\sk.ll  illllk'IIMOns  I'l  Ilk'  p.li  k.lUi' 

I Ki'sisl.llk'l'  lo  si'Ui'llls 

'I  Hi'lkl  slli'll^lll 

II  Si'lili'i.il'ilitx 

•' I I I'. Ill  mil'll it\ 

Ilk'  plivsk.il  iliiik'iiMons  I'l  .ill  Ilk'  iinils  ki'U'  nii'.isiiii'il  .iiul  li'iiml  lo  I'l'  piopci  Also.  I'oiul 
siii'ik'lli  ti'sis  Ill'll'  sik'ii'sslnlli  pi'iloinii'il  on  ilk'  liii'  units  iilikli.  .is  pii'iioiisli  ini'nlioiii'il . iii'ii' 
piilli'il  lioni  Ilk'  l>'l  piioi  lo  p.k  k.i>;in.i'  \s  .1  p.n  I ol  llu'  llioiip  H mspi'iiion,  lln-  p.iik.i.i'i'  u'sisl.iiki' 
lo  si'lii'iils.  solili'i .il'ilili  .iikl  li'.iil  inii'i’.iili  li'sis  Ill'll'  pi'iioinii'il  Si\  nnils  iii'u'  sikii'ssl ulli  ii'sU'il 
in  I'.k  II  ol  llii'si'  ihii'i'  li'sis 

Ilk'  (iioiipr  iiispi'ilion  ol  Mi'llioil  •'lU)"'  ol  Mil  Sll'.S.S!  ii'ipiiii's  lln'  lolloiiini'  siil'inonp 
li'sis  I'l'  pi'i  loi  Ilk'll  \lso  slioii  n IS  Ilk'  nninl'i'i  ol  ili'i  k i's  iisi'il  in  I'.k  li  li'si 


SnI'iiionp  I I Ik'i ni.il  sik'i  11 , nioisi III i' ii'sisi.iik  i'.  si'.il  ■'I'l'in  i's 

Snl'i;i  I'lip  J Mi'i  li.inii  .il  slioi  k . 1 il'i  .1 1 ions  i oils  1. in  I .k  i I'Ki.ilioii.  si'.il  s 1 'oi  k I's 

Snl'i'ioiip  ' S.ill  .ilniospik'ii'  ■'  I'l'Mii's 

Siil'iiioiip  I lliilli  li'inpi'i.ilnii' sioi.k’i'  > I'l'Mi'i's 

I DIU)  lioiii  s .11  I 'sO  ( ' 

Siil'i’.ioiip  s Opi'i.ilini;  lili'  ■'  I'l'Mii's 

1 000  Ill'll! s .Il  0 I 


Sul'i'ionp  11  I'MI  I 1 

Slll'l'li'lip  ' S\V  III  llllll'.  h'sl  .11  0 ( ll'i'Mii's 

Snl'i:ioiip  .S  Swililnni!  ii'si  .11  I'I’i  I I'l'iiii's 

Mlhi'ik'.li  Siil’gioiips  I .Hill  J .il'oii'  ii'i|iini'  onl\  Ilk'  lISM  lU  oloi  iiii.il  li'si  ,11  0 t r .iiiil 

0 ( loi  I oinpli'l ion , llk'\  li.ixi'  .iKo  I'l'i'ii  li'sli'il  willi  Ilk'  \l  M lo  ii'iilv  llii'v  s.ilisli  ihi'  .k 
ii'ipini'iiii'iils  loi  Ilk'  nk'inoi\  .il  O'C,  .'•'  I .iiiil  '0  I Snl'i’ioup  > ii'i|iini's  ,1  \ isii.il  inspi-i  lion  onl\ 

.iiiil  li.is  I'l'i'ii  loiiipli'li'il  .Is  h.iM'  .Siil'L'ioiips  1 .Hill  ' Il  IS  noil'll  ili.il  Siil'in onps  .mil  ."s  .lU'  nii'ii' 
ii'pi'.ils  ol  Ilk'  i.ioiip  A li'si  .Hill  lliiis  li.isi'  .ilso  I'l'i'ii  lonipli'li'il 


The  dovia's  In  Subgroups  4 and  5 arc  presently  under  test  and  will  complete  this  1 000  hours 
on  July  10.  At  that  time  they  will  be  tested  at  Q'T,  25°C  and  70“C  with  the  HSM  and  NHM  to 
determine  it  they  meet  the  dc  and  ac  requirements  of  the  memory. 
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SFCTION  III 
MANPOWl  R 

1'Ik-  lollowinp  prot'i'ssioiuils  workoil  on  tliis  proj:niin  1 M.iivli  1‘>7S  I .liiiu-  l‘''S  Hu- 
piTciMitago  ot  timo  worked  is  also  slunsii. 

Mr.  I*.  I . Wlielaii  20' 

Dr.C.  1 . Varnell  10  , 

Dr.  J.  I . B.irtell  50'; 

Dr.  R.  .A.  Owens  20'  ,' 

Dr.  J.  Reynolds  50'; 

Dr.  R.  .A.  Rohbins  ('i>nsullant 

Mr.  C.  1).  Winborn  C onsultant 

in  aildition.  three  teehnieians  worked  I'n  the  program. 
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